Bone Tissue Engineering with Multilayered Scaffolds-Part II: Combining Vascularization with Bone Formation in Critical-Sized Bone Defect.
Our previous in vivo study showed that multilayered scaffolds made of an angiogenic layer embedded between an osteogenic layer and an osteoconductive layer, with layer thickness in the 100-400 μm range, resulted in through-the-thickness vascularization of the construct even in the absence of exogenous endothelial cells. The angiogenic layer was a collagen-fibronectin gel, and the osteogenic layer was made from nanofibrous polycaprolactone while the osteoconductive layer was made either from microporous hydroxyapatite or microfibrous polycaprolactone. In this follow-up study, we implanted these acellular and cellular multilayered constructs in critical-sized rat calvarial defects and evaluated their vascularization and bone formation potential. Vascularization and bone formation at the defect were evaluated and quantified using microcomputed tomography (microCT) followed by perfusion of the animals with the radio opaque contrast agent, MICROFIL. The extent of bony bridging and union within the critical-sized defect was evaluated using a previously established scoring system from the microCT data set. Similarly the new bone formation in the defect was quantified from the microCT data set as previously reported. Histological evaluation at 4 and 12 weeks validated the microCT findings. Our experimental results showed that acellular multilayered scaffolds with microscale-thick nanofibers and porous ceramic discs with angiogenic zone at their interface can regenerate functional vasculature and bone similar to that of cellular constructs in critical-sized calvarial defects. This result suggests that suitably bioengineered acellular multilayered constructs can be an improved and more translational approach in functional in vivo bone regeneration.